Although the separation of eutectic-forming organic mixtures by crystallization has the advantage of requiring only one stage in principle, the yield of the crystalline product is limited by the formation of eutectic mixtures. To separate the eutectic mixture without introducing additional operations which lead to larger energy consumption and contamination by the added materials, the idea of a combined crystallization process has been proposed.2) In the present paper, a brief description of the principle and several experimental results are presented.
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Principle of a Combined Crystallization Process
For binary organic mixtures exhibiting simple eutectic behavior, such as the naphthalene-p-DCB (dichlorobenzene) system, the isobaric phase diagram just above the quadruple point where two solid phases, one liquid phase and one vapor phase coexist can be given as shown in Fig. 1 . On constructing the diagram, the following items were assumed: the vapor-liquid and the vapor-solid equilibrium relations are ideal and the vapor pressures given in the literature1} can be extrapolated beyond their reported ranges. Whenthe eutectic mixture is heated above the quadruple point, and is mixed with an inert gas, vapor of composition y is formed. After the total vapor pressure is reduced below the quadruple pressure when necessary, the existing phase equilibrium is only for the vapor-solid phase diagram as shown in Fig. 2 . Since it has been found that the composition of the solid condensate from mixed vapors was determined by the ratio of the condensation rates of the individual components3), by controlling the condensation temperature a solid product enriched in one component (j?-DCB in this case) can be obtained. The vapor not condensed there is then returned to the eutectic melt where selective vaporization of the condensable component (/?-DCB) occurs owing to the difference in the driving force. Consequently, crystallization of the non-condensable component (naphthalene) from the melt results in accordance with phase equilibrium and the material balance.
At steady state, the condensable and non-condensable components can be obtained as solid products from the solid condensation and from the melt crystallization sections respectively. Of course, for such a system comprising components with relatively large difference in their vapor pressures it is not necessary to recycle the inert gas. The naphthalene-/?-DCB system is such a case.
Experimental Apparatus and Procedure
To demonstrate the idea of the combined crystallization process, several experiments were carried out using a simple apparatus schematically shown in Fig.  3 . It consisted mainly of a melt cyrstallizing section and a solid condensing section. The eutectic melt was Initial composition of mixture =0.608 mol fraction of/?-DCB (eutectic composition). Rate of carrier gas, N2 =460 ml/min. charged in the melt crystallizer, and the two solid products were obtained from the melt crystallizer and the solid condenser. The melt crystallizer was madeof a glass tube 26mmin diameter and 20cm in height, and was placed in an electrically heated glass tube. The crystallizer could descend mechanically at constant rates. The partial solid condenser was also made ofa glass tube, 50mm in diameter and about 30cm in length, in which a copper U-tube was placed for cooling.
Entrainer gas at a constant rate was dispersed in the melt and vaporization of the melt occurred. The vapor mixture was then sent to the condenser where mainly p-DCB condensed according to the phase equilibrium and to the rate of condensation. After each run, crystals were taken out, centrifugated and quantitatively analyzed by F.I.D. gas chromatography. The solid condensate in the condenser was also analyzed.
Experimental Results and Discussion
Seven experimental runs were carried out and the results are summarized in Table 1 . In all the runs the initial composition of the melt mixture was the eutectic one, 60.8 mol%of^-DCB, and the flow rate of the entrainer gas was 460m//minat room tempera-434 ture. At the beginning the temperature of the melt was kept higher than the eutectic point to prevent plugging in the entrainer gas tube, and then the tube was gradually lowered. But in run-1, the solid deposit inside the tube was so serious that heat was supplied to melt it in the final period of deposition. To melt the deposit in the other runs whennecessary, the supply of the inert gas was stopped for a moment.
The temperatures at the beginning and end of runs are also shown in the table. The operating time was determined to obtain a sufficient amount of crystals for analysis both in the melt and the vapor crystallizers.
The values of the composition of crystals in the melt is the averaged one, while those for crystals from the vapor indicate the maximumand minimumvalues of the condensates sampled at intervals during condensation for runs 2 to 7. It was found that the purity of crystals from the vapor was far higher than that of crystals from the melt. For example, the purity of the solid condensate was 81%p-DCBat worst, while the crystals in the melt contained up to 57% p-DCB. Undoubtedly, this is due to poor phase separation. In addition, layered crystals from the melt were found to be less pure than the particulate crystals, except in run-7. These facts imply contamination of the crystals by the melt, and at the same time suggest that improvement of the melt crystallizer is essential for successful production of purer materials.
Although the experiments were not completely successful in obtaining two purer products, it can well be concluded that the eutectic mixture was separated into two solid products containing higher concentrations of respective components than the initial eutectic composition. Hence the proposed process was proved to be effective in separating binary eutectic mixtures.
C onclusion A combinedcrystallization process was proposed to separate binary eutectic mixtures utilizing the vapor-liquid-solid phase equilibria. The principle of the process was described briefly and experiments were performed to prove the principle.
The experimental results showed that the eutectic mixture of naphthalene and p-DCB was actually separated into two solid products of different compositions; hence the effectiveness of the process was confirmed.
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